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RATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 

TECHNICAL NOTE NO. 328. 

THE EFFECT OF FUEL CONSUMPTION ON CYLINDER TEMPERATURES 
AND PERFORMANCE OF A COWLED WRIGHT J-5 ENGINE. 
By Oscar W. Schey. 

Summary 

This report presents the results of tests made by the 
National Advisory Committee for Aeronautics to determine the 
effect of fuel consumption on the cylinder temperatures and on 
the performance of a cowled Wright J-5 engine. The tests were 
conducted in the Committee's 30-foot propeller research tunnel 
in conjunction with other tests to determine the effect of 
cowling on drag, propulsive efficiency, cylinder temperatures, 
and performance of the same engine mounted in the nose of a 
cabin fuselage. 

Sixty-nine iron-const ant an thermocouples and three recording 
pyrometers were used for obtaining measurements of cylinder tem- 
peratures. The engine power was measured by means of a torque 
dynamometer mounted within the fuselage. The fuel consumption 
was computed from the time required to consune two pounds of 
fuel . 

The test conditions in the tunnel simulated those of full 
throttle climbing on a hot day. AH tests were conducted at 
air speeds of approximately 80 m.p.h. Six different sizes of 
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jets, varying from No- 51 to No* 46 drill size, inclusive, were 
used to vary the rate of fuel flow. The cowling used covered 
73 per cent of the cylinder cooling surface. Slots were provid- 
ed in the nose of this cowling to enable some of the cooling 
air to flew inside of the cowling. 

The cylinder temperatures obtained with the leanest mixture 
were excessive, amounting, in some cases to almost 800°F. En- 
riching the mixture by varying the jet size from No. 51 to No. 
46 resulted in a substantial reduction of cylinder temperatures 
amounting to an average tf 196°F. at the rear spark-plug bosses 
and 165°F. at the front spark-plug bosses. The two cylinders 
which were shielded by the magnetos gave the greatest reduction 
in temperature, amounting to 303°F. and 254°F. for the rear 
spark-plug boss of cylinders Nos. 3 and 9, respectively. All of 
the forty-seven points selected ©n cylinder {To* 1 showed some 
reduction in temperature when the leanest mixture was enriched. 

Enriching the mixture to the extent obtained with the No. 
40 jet resulted in an increase in power, but enriching the mix- 
ture to the extent obtained with Nos, 46 and 47 jets resulted 
in a large reduction in power over that obtained even with the 
leanest mixture. 

Intrcduct ion 

The effect of fuel-air ratio on engine performance has been 
the subject of numerous investigations, and one on which a large 
amount of valuable information has been published. Except for 
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the pioneer efforts of Gibson and Heron and the work of a few 
recent investigators, most of these investigations have been 
conducted on water-cooled engines. Gibson conducted tests on 
air-cooled engines and found that the cylinder head and valve 
temperatures were considerably reduced by increasing the mixture- 
strength (Reference l). Heron reported that the cylinder head 
temperatures of a 30 hp air-cooled engine were decreased from 
580°F. to 480°F. by increasing the fuel consumption from 17 to 
25 pounds per hour, but that a further increase in fuel consump- 
tion resulted in slightly higher temperatures (Reference 2). In 
recent tests completed at Wright Field on an air-cooled single- 
cylinder Liberty test engine it w a s found that by increasing 
the fuel consumption from 18,4 to 25*5 pounds per hour, the cyl- 
inder head temperatures were reduced from 580°F. to 460°F. (Ref- 
erence 3). 

Since few manufacturers, if any, determine the effect of 
fuel consumption on the full-throttle performance of an air- 
cooled engine in flight or under conditions simulating those in 
flight, the National Advisory Committee for Aeronautics under- 
took the research on this subject. At this time the equipment 
was set up and available for this work, as it had been used in 
tests to determine the effect of cowling on drag, propulsive 
efficiency, cylinder temperatures, and performance of a Wright 
J-5 engine mounted in the nose of a cabin fuselage. 

For tests herein reported the engine used was standard in 
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every respect except for the carburetor jet size, which was var- 
ied to obtain different rates of fuel consumption. Six differ- 
ent sizes of jets were used, varying from No. 51 tt No* 46 drill 
size. Air speeds of approximately 80 m.p.h. were employed. 

Apparatus and Lie t hod 

• These tests Y/ere conducted on a Wright J- 5 engine mounted 
in the nost of a cabin fuselage which was placed in the air 
stream of the Committee's 30-foot propeller research tunnel 
(Reference 4). Air speeds of approximately 80 m.p.h, were used, 
which would correspond closely to full throttle climbing. 

This engine has a 4^-inch bore, a 5?-inch stroke, a 5.4 
compression rati* and is guaranteed by the manufacturer to de- 
velop 200 hp at 1800 r.p.rn. The cylinders axe of composite alu- 
minum and steel construction. A cress section and several views 
of one of the cylinders are shewn in Figures 1 and 2. A Stern- 
berg NA-T4 carburetor, with jets of drill sizes varying from 
N#s. 51 to 46, inclusive, was used. Domestic aviation gasoline 
was used for all tests. 

During the tests a cowling was used which covered approxi- 
mately 73 per cent of the cylinder cooling surface (Figs. 3 and 
4). This cowling was so designed that part .of the cooling air 
etuld flow inside through slots in the nose, past the cylinders, 
and out through louvers at the rear of the engine. t It had been 
selected from a series that had been used for drag tests and is 
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not the most satisfactory in regard to cooling, as the engine 
was running very hot. with the smallest jet size used, No. 51, 
which was the standard size for this engine (Reference 5). 

The cylinder temperatures were measured with sixty-nine 
iron-const ant an thermocouples of #020 inch diameter and three 
multiple duplex recording pyrometers. Forty-seven thermocouples 
were connected to cylinder No. 1 and twenty-two were distributed 
over the other eight cylinders. This enabled a complete study 
to be made of the temperature variation on the No. 1 cylinder 
and also gave sufficient information on each of the other cylin- 
ders so that the comparative cylinder temperatures could be ob- 
tained. The location of these thermocouples can be obtained 
from Table I, Figure 2, and the curves in Figure 6. The thermo- 
couples on the head and fins were held in place by inserting 
them in small holes and peenimg the metal around the wires. 
Those for measuring the temperature around the spark-plug bosses 
were embedded l/8 inch below the metal surface. The thermocou- 
ples for measuring the cylinder barrel temperatures were held 
firmly against the metal surface by means of clamp rings. 

The specific fuel consumption was determined from the time 
required to consume 2 pounds of fuel and the measurement of power 
as determined from dynamometer and tachometer readings* The en- 
gine torque was measured by a dynamometer mounted within the 
fuselage (Reference 4). In addition, measurements were obtained 
of the oil in, oil out, and carburetor air temperatures, air 
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speed and engine speed. All tests were conducted at full throttle. 

Results 

The results ef these tests are presented in the form of 
tables and curves. Table I gives the cylinder head temperatures 
obtained with each jet and the location of each of the sixty- 
nine thermocouples used. Table II gives the air speed, engine 
speed, brake horsepower, specific fuel consumption, barometric 
pressure, and the temperatures of the carburetor air, uil in, 
oil out, and air stream. 

Figure 5 shows the effect of the rate of fuel consumption 
on the temperature of the front and rear spark-plug bosses. 
These curves indicate that the temperature of the spark-plug 
bosses is very sensitive to change in fuel consumption. 

Figure 6 shows the effect of the rate of fuel consumption 
on the temperatures of the cylinder barrel. It is interesting to 
note that an increase in fuel consumption results in a reduction 
in the temperature at all points on the cylinder barrel. 

The reduction in temperature obtained on several points of 
cylinder No. l by enriching the mixture is shown in Figure 7. 

Figure 8 presents a comparison of the spark-plug-boss tem- 
peratures obtained on cylinder No. 3 as compared with the average 
for all the unshielded cylinders for different rates of fuel con- 
sumption. These curves show that a cylinder which is shielded 
from the air blast, or improperly cooled, will have a much greater 
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rise in temperature with leaning of the mixture than one which 
is properly cooled. 

Figure 9 shows the effect of varying the fuel consumption 
on the engine power and engine speed. Enriching the mixture re- 
sults at first in an increase in power and speed, but a further 
increase in fuel consumption results in a rapid decrease in 
power and speed. 

Discussion of Results 

Some of the early investigators engaged in the development 
of air-cooled engines often resorted to a rich mixture as a 
means of obtaining better cooling. The excess fuel would be ex- 
hausted, together with the burned gases, as a highly superheated 
vapor and thus carry away a large amount of heat. Tests have 
shown that a rich mixture will reduce the temperature of the 
cylinder walls, valves, and intake passages, and consequently 
permit a charge of greater density to be induced. A rich mix- 
ture will thus indirectly reduce detonation and also give more 
power up to a certain value. 

These tests were conducted with conditions simulating those 
of full throttle climbing and are considered severe, being con- 
ducive to high cylinder temperatures. The cooling air tempera- 
tures and the carburetor air temperatures and pressures were 
higher than those normally obtained in a climb, thus making con- 
ditions even more severe. This engine had a compression ratio 
of 5.4, which would undoubtedly cause detonation when hot and 
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operating on domestic aviation gasoline such as was used in these 
tests. The cowling, one of a series which had been designed 
primarily for drag test, was not very satisfactory for cooling 
(Reference 6). As practically all conditions of these tests 
tended to raise the cylinder temperatures, it Was considered 
advisable to conduct the tests with standard size jets or larger, 
to avoid destructive temperatures. 

As a result fuel consumptions far beyond the range of prac- 
ticability were obtained. The shape of the curves, however, 
would be very nearly the same with test conditions giving lower 
temperatures and fuel consumptions. 

The temperatures here presented ?.re accurate to ±10°F. and 
are representative of conditions as stated. Each run w a s of 
sufficient duration to assure that the highest temperatures were 
obtained. The pyrometers used had high internal resistance, 
which reduced to a minimum the effect of resistance variation 
of the long leads used. Good thermal contact w a s obtained at 
each junction and the wires were faired along the cylinder for 
some distance from the hot junction so that no heat would be 
conducted away by the wires. 

The results of these tests show that increasing the jet 
size from a No. 51 drill size to a No. 46 results in a large re- 
duction in the cylinder temperatures. For the two extremes of 
mixture conditions the average rear spark-plug-boss temperature 
for the nine cylinders was reduced 196°F. On cylinder No. 3 
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the temperature of the rear spark-plus boss was reduced 300°F. 
The average reduction for the front spark-plug-boss temperature 
for the above conditions was 165°F. At the same time a reduc- 
tion of 171 F. was obtained for the front spark-plug bosses on 
cylinder Nc 3. Although the cylinder barrel temperatures showed 
a large reduction with increase in fuel consumption it was not 
as large as that obtained for the spark-plug bosses* For the 
eight thermocouples under each clamp ring the average reduction 
obtained by increasing the jet size from No. 51 to No. 48 was 
161 F. , 115°F. , and 112°F. , for top, middle, and bottom clamp 
rings, respectively. 

The curves in Figure 7 show an interesting comparison of 
the reduction in cylinder temperatures obtained at several points 
on the same cylinder with change in fuel consumption. It &ay be 
noted that for the points which are low with the lean mixture 
there is very little reduction obtained with a richer mixture 
as compared with the reduction obtained for the points that are 
higher. These curves also show the difference in temperatures 
obtained on the head, spark-plug bosses, and several points on 
the barrel; and that the temperatures decrease rapidly at first 
as the mixture is enriched, but soon reach a point where increas- 
ing the fuel consumption has very little effect on the cylinder 
temperatures. 

The temperatures for the rear part of the cylinder, or for 
that part which is shielded from the air blast, increase more 
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rapidly as the mixture is leaned. Somewhat similar conditions 
are true for cylinders Nos. 3 and 9, which are shielded by the 
magnetos. With a rich mixture the front and rear spark-plug- 
boss temperatures for these cylinders are the same as the aver- 
age for all the cylinders, but as the fuel-air ratio is increased 
the difference gradually increases and amounts to 100°F. with 
the leanest mixture. 

The engine power was also considerably affected by varying 
the fuel consumption, as is shown by the curves in Figure 9. 
Increasing the specific fuel consumption from ,7 to .9 lb. per 
b.hp increases the power 9*5 per cent, but a further increase 
in fuel consumption results in a reduction in power. This shows 
that the useful range of fuel-air ratios had been investigated* 
With Nos. 46 and 47 jets a la^ge quantity of black smoke was 
exhausted, while with Nos. 50 and 51 jets the engine popped back 
at intervals. The smoothest operation w a s obtained with Nos. 48 
and 49 jets. That there was a falling off in power with a fuel 
consumption of less than .9 lb. per b.hp per hr. was largely 
due to the lower volumetric efficiency obtained with high cylin- 
der temperatures. 

Increasing the amount of cooling surface which is cowled 
reduces the drag, but has the disadvantage of increasing the cyl- 
inder temperatures (Reference 5). There may, however, be condi- 
tions when an increase in the degree of cowling will give suffi- 
cient reduction in drag so that obtaining a reduction in cylinder 
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temperature by slightly enriching the mixture may be justified. 

Conclusions 

The result of these tests on a Wright J- 5 air-cooled engine 
indicates that enriching the mixture by increasing the carbu- 
retor jet size results in a reduction in cylinder head and bar- 
rel temperatures. By increasing the jet size from N 0 . 51 to 
Efo. 46, an average reduction in temperature of the rear spark- 
plug bosses, front spark-plug bosses, and the cylinder heads of 
196°, 165°, andl65°F., respectively, was obtained. The cylin- 
der barrels also showed a substantial reduction in temperature 
when the mixture was enriched. 

The cylinders shielded by the magnetos or the points on the 
cylinder that do not receive a free flow of cooling air increase 
most rapidly in temperature as the mixture is leaned. A free 
flow of air past the cylinders is essential for satisfactory 
operation on a lean mixture. 

Enriching the mixture to the extent obtained with the No. 49 
jet shows an increase in power, but beyond that point there is 
a rapid decrease in power with increase in mixture strength. 

The results of these tests show that the Wright J-5 engine 

can withstand severe temperatures for short periods of operation 

and also to what extent destructive temperature may be avoided 

by enriching the mixture. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Veu , September 16, 1929. 
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TABLE I 



Maximum cylinder temperatures obtained during fuel consumption 
tests on a cov/led Wright J-5 engine operating full throttle 
at an air speed of approximately 80 m.p.h. 



no. 


Location of Thermocouple 
Right and left looking forward 
from rorVni t 


Jet size 


46 


47 


48 


49 


50 


51 


1 


Cylinder No. 1, fin tip, left side 
of inlet passage 


282 


280 


312 


325 


337 


368 


2 


Cylinder No. 1, center of head, 
top of exhaust passage 


431 


430 


479 


476 


500 


511 


3 


Cylinder No. 1, fin tip, rear of 
exhaust passage 


393 


385 


432 


425 


447 


461 


4 


Cylinder No. 1. on front side of 
exhaust valve guide 


378 


372 


412 


404 


420 


414 


5 


Cylinder No. 1, near fin tip, 
front of exhaust passage 


329 


330 


361 


362 


371 


370 


6 


Cylinder No. 1, front side of 
inlet valve guide 


188 


192 


212 


218 


220 


229 


7 


Cylinder No. 1, in center of head 
over front spark plug 


361 


374 


420 


430 


449 


509 


8 


Cylinder No. 1, front of head 
side of exhaust passage 


397 


400 


440 


438 


458 


462 


9 


Cylinder No. 1, rear of head in 
side of exhaust passage 


440 


440 


489 


481 


508 


525 


10 


Cylinder No. 1, in center of head 
over rear spark plug 


420 


431 


488 


501 


526 


585 


11 


Cylinder No. 1, in left side of 
rear spark-plug boss 


468 


481 


539 


555 


584 


646 


12 


Cylinder No. 1. in left side of 
front spark-plug boss 


382 


396 


444 


460 


482 


550 


13 


Cylinder No. 1, fin tip, left of 
front spark-plug boss 


335 


347 


382 


395 


416 


470 


14 


Cylinder No. 1, under top clamp 
ring, right-rear 


331 


350 


401 


425 


448 


528 


15 


Cylinder No. 1, under top clamp 
ring, right 


329 


342 


380 


404 


411 


482 
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TABLE I (Cont. ) 



Maximum cylinder temperatures obtained during fuel consumption 
tests on a cowled Wright J-5 engine operating full throttle 
at an air speed of approximately 80 m.p.h. 



Wo. 



Location of Thermocouple 



Jet size 



46 4 7 48 49 5 0 51 



18 



1 ? 
18 

19 

30 

21 

22 

23 

24 



27 
28 
29 



Cylinder No. 1, under top clamp 
ring, right-front 

Cylinder No. 1, under top clamp 
ring, front 

Cylinder No« 1, under top clamp 
ring, left- front 

Cylinder No. 1, under top clamp 
ring left 

Cylinder No. 1, under top clamp 
ring, left-rear 

Cylinder No. 1, under top clamp 
ring, rear 

Cylinder No. 1, center of fin 18, 
in the rear 

Cylinder No. 1, tip of fin 18, 
in the rear 

Cylinder No. 1, tip of fin 18, 
on left side 

Cylinder No. 1, center of fin 18, 
on left side 

Cylinder No. 1, under middle 
clamp, rear 

Cylinder No. 1, under middle 
clamp, right-rear 

Cylinder No. 1, under middle 
clamp, right 

Cylinder N 0 . 1, under middle 
clamp, right-front 



300 



342 



381 



323 



341 



363 370 



400 



378 



368 



345 



310 



395 



350 



372 



273 



288 



422 



402 



384 



363 



320 



410 



343 



365 



322 



282 



341 



388 



385 



400 



462 



471 



441 



420 



345 



442 



382 



413 



331 



320 



358 



399 



399 



420 



490 



509 



462 



439 



358 



458 



388 



422 



374 



326 



370 



418 



408 



420 



513 



534 



481 



469 



358 



475 



409 



444 



351 



345 



422 



470 



445 



500 



578 



612 



558 



548 



433 



531 



473 



508 



245 



376 
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TABLE I (Cont. ) 



Maximum cylinder temperatures obtained during fuel consumption 
tests on a cowled Wright J-5 engine operating full throttle 

at an air speed of approximately 80 m.p,h. 



Location of Thermocouple 



Jet size 



46 



47 



48 



49 



50 51 



Cylinder No. 1, center of fin 11, 
front 

Cylinder No. 1, tip of fin 11, front 

Cylinder No. 1, under middle clamp, 
front 

Cylinder No. 1, under middle clamp, 
left-front 

Cylinder No. 1, center of fin 11, 
on left side 

Cylinder No. 1, under middle clamp, 
left 

Cylinder No. 1, tip of fin 11, on 
left side 

Cylinder No. 1, under middle clamp, 
left rear 

Cylinder No. 1, under bottom clamp, 
rear, to right 

Cylinder No. 1, under bottom clamp, 
right, to rear 

Cylinder No. 1, under bottom clamp, 
right, to front 

Cylinder No. 1, under bottom clamp, 
front, to right 

Cylinder No. 1, tip of fin 1, front 

Cylinder No. 1, under bottom clamp, 
front, to left 

Cylinder No. 1, under bottom clamp, 
left, to front 



238 
195 

285 

309 

304 

375 

268 

390 

352 

353 

329 

245 
275 

268 

298 



236 
195 

281 

308 

306 

373 

263 

385 

341 

364 

328 

238 
284 

279 

306 



268 258 



220 

320 

337 

337 

407 

296 

422 

390 

400 

366 

270 
293 

310 

345 



212 

315 

345 

345 

423 

298 

438 

398 

415 

375 

284 
344 

314 

345 



272 
218 

335 

351 

353 

432 

307 

461 

422 

431 

394 

285 
295 

322 
363 



291 
227 

366 

394 

404 

511 

335 

543 

477 

480 

425 

320 
248 

350 
400 
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TABLE I (Cent. ) 



Maximum cylinder temperatures obtained during fuel consumption 
tests on a cowled Wright J-5 engine operating full throttle 
at an air speed of approximately 80 m.p.h. 



No. 


Location of Thermocouple 


Jet size 


46 


47 


48 


49 


50 


51 


45 


Cylinder No. 1, tip of fin 1, 


left 


285 


287 


320 


320 


341 


380 


46 


uyiincLer i\o. x, under uobuom 
left to rear 


c 1 amp , 


354 


356 


399 


408 


432 


496 


47 


Cylinder No. 1, under bottom 
rear, to left 


clamp , 


365 


358 


414 


418 


448 


517 


48 


Cylinder No. 2, in left side 
front spark-plug boss 


01 


385 


395 


431 


459 


498 


521 


49 


Cylinder No. 2, in left side 
rear spark-plug boss 


01 


478 


488 


547 


580 


630 


657 


50 


uyxmcLei i\o» m oenxer oi 
over rear spark plug 


head , 


408 


418 


457 


487 


525 


549 


51 


uyxincLer jno» o, m xexu siue 
front spark-plug boss 


OI 


406 


430 


476 


587 


637 


687 


52 


oyxin&er jjio« in xei z sicie 
rear spark-plug boss 


OI 


485 


521 


570 


681 


727 


788 


53 


Cylinder No. 3, m center of 
over rear spark plug 


head, 


452 


478 


518 


632 


663 


725 


54 


Cylinder No. 4, in left side 
front spark-plug boss 


of 


396 


400 


480 


502 


535 


558 


55 


Cylinder No. 4, in left side 
rear spark-plug boss 


of 


463 


472 


560 


593 


622 


647 


56 


Cylinder No. 4, in center of 
over rear spark plug 


head, 


396 


409 


490 


517 


543 


572 


57 


Cylinder No. 5, in left side 
front spark-plug boss 


of 


394 


426 


438 


491 


500 


507 


58 


Cylinder No. 5, in left side 
rear spark-plug boss 


of 


465 


522 


537 


595 


605 


612 
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TABLE I (Cont. ) 



Maximum cylinder temperatures obtained during fuel consumption 
tests on a cowled Wright J- 5 engine operating full throttle 
at an air speed of approximately 80 m.p.h. 



No. 


Location of Thermocouple 1 






J C b 


size 




46 


47 


48 


49 


50 


51 


59 


Cylinder No. 5, in center of 
over rear spark plug 


head, 


433 


472 


485 


541 


550 


552 


60 


Cylinder No. 6, in left side 
front spark-plug boss 


of 


380 


417 


421 


506 


490 


563 


61 


Cylinder No. 6, in left side 
rear spark-plug boss 


of 


445 


492 


495 


587 


563 


658 


62 


Cylinder No. 6, in center of 
over rear spark plug 


head 


466 


515 


516 


608 


592 


682 


63 


Cylinder No. 7, in left side 
front spark-plug boss 


of 


363 


372 


409 


421 


467 


502 


64 


Cylinder No. 7, in left side 
rear spark-plug boss 


of 


458 


458 


498 


515 


578 


655 


65 


Cylinder No. 8, in left side 
front spark-plug boss 


of 




348 


386 


388 


418 


465 


66 


Cylinder No. 8, in left side 
rear spark-plug boss 


of 




438 


472 


470 


512 


579 


67 


Cylinder No. 8, in center of 
over rear spark plug 


head 




369 


405 


410 


439 


483 


68 


Cylinder No. 9, in left side 
front spark-plug boss 


of 


415 




444 




563 


640 


69 


Cylinder No. 9, in left side 
rear spark-plug boss 


of 


505 




548 




689 


759 
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TABLE II. 

Performance measurements obtained on a 



cowled Wright J-5 engine during fuel-consumption tests 



Jet drill 
size No. 


Re ading 
No . 


Air speed 
m . p . h . 


ft 

Fh 


i 

^ i 
o o 

M ft 

c: o 

H CQ 
CQ U 
o 
A 


Fuel rato 
lb . /b . hp /hr . 


O CC 
-p 

O «H 

S O 

o 

m -h 


O -H 

o 

3 O 
+5 +3 ■ 

ci o fa 
U HO 

O 2 

ftp 

S H 

« rj 
E-h O 


o 

2 -Hi 

rJ r-i fa 
U -HO 
O O 
ft 

a <h 

O O 
E-i 


Temperature 
of oil out 
OF. 


Temperat ure 
of 

air stream 


46 


1 

2 
3 
4 

5 


81.6 
81.8 
81.6 
81.6 
81.9 


1620 
1610 
1605 
1600 
1600 


148.0 
144.6 
143.0 
141.0 
141.0 


1.127 
1.258 

1.261 
1.270 


29.96 
29.96 
29.96 
29.96 
29.96 


59 
79 
79 
80 
79 


143 
128 
128 
135 
135 


130 
129 
132 
134 
136 


87.8 
89.6 
89.6 
89.6 
91.4 


47 


i 

2 
3 
4 
5 


81.5 
81.8 
82.8 
81.2 
82.0 


1620 
1580 
1570 
1570 
1580 


141.6 
133.0 
130.7 
131.0 
loo, 0 


1.237 
1.227 
1.223 
1.204 


30.06 
30.06 
30.06 
30.06 
oU. (Jo 


80 

76 

78 

78 
ho 

(O 


150 
148 
145 
145 

14:0 


150 
146 
145 
145 
146 


89.6 
89.6 
89.6 
89.6 
91.4 


48 


1 
2 
3 
4 

5 


82.1 
82.4 
82.6 
82.1 
82.0 


1730 
1710 
1705 
1705 
1705 


180.1 
175.0 
173.0 
173.0 
173.0 


.899 
.891 
.878 
.901 
.895 


29.96 
29.96 
2y . Jo 

29.96 
29.96 


86 
87 

O H 

o < 

87 
87 


138 
138 
14o 
148 
152 


139 
138 
144 
144 
153 


91.4 
91.4 
91.4 
93.2 
93.2 


49 


1 
2 
3 
4 


81.0 
81.8 
81.6 
81.6 


1660 
1520 
1620 
1620 


158.3 
147.2 
145.9 
145.9 


.861 
.927 
.914 
.919 


30.06 
30.06 
30.06 
30.06 


78 
78 
80 
81 


148 
148 
148 
152 


146 
146 
150 
153 


89.6 
91.4 
91.4 
91.4 


50 


1 

2 
3 


81.7 
81.9 
81.0 


1740 
1695 
1680 


139.8 
171.1 
167.1 


.711 
.771 
.790 


30.06 
30.06 
30.06 


85 
84 
84 


123 
134 
143 


126 
136 
144 


87.8 
87.. 8 
87.8 


51 


1 
2 
3 


80.6 
80.7 
80.3 


1700 
1650 
1625 


175.7 
159.4 
154.8 


.690 
.710 


30.13 
30.13 
30.13 

1 


74 

74 
74 


118 
135 
144 


122 
136 
145 


80.6 
82.4 
82.4 
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Fig. 3 Front view of cowling No. 7 




Fig. 4 Side view of cowling No. 7 



♦ 




Bottom clamp Middle clamp Top clamp &> 

Fig* 6 Effect of fuel consumption on cylinder-"barrel temperatures of cylinder No.l o> 



o fa 400 




Roar spark-plug 
boss . 
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O 
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Cent or of head 
^over rear spark 
(plug. 

Front spp.rk-plug 
boss . 

Top c 1 amp , ave r age & 
Middle " ■ 
-Bottom » " 
^Center of fin 11, 
(left - 

-{Tip of fin 11, left. 

[Center of fin 11, 
•{front . 

-Tip of fin 11, front . 



100 



77 .8 .9 1.0 1.1 1.3 1.3 

Fuel consumption, lb . /b . hp-hr . 

Fig. 7 Effect of fuel consumption on cylinder temper ?tures . 
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si 




jfe- 
O 



CD 
O 



O 

P. 

o 

Q 



O 
• 

£0 
00 



Rear, cylinder No. 3 

jRear, average for 
(unshielded cylinders 



- -Front , cylinder No . 3 



Front , average for 
lunshi elded cylinders. 



.8 



1,2 



1.3 



.9 1.0 1.1 

Fuel consumption, lb . /b . hp-hr. 
Fig. 8 Effect of fuel consumption on temperatures of spark-plug bosses of a cylinder 

that is shielded by a magneto as compared with the pverage temperatures of the 
spark-plug bosses on unshielded cylinders. 
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Fig. 9 
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.6 .7 .8 .9 1.0 1.1 1.2 1.3 

Fuel consumption, lb . /b . hp-hr . 

Fig. 9 Effect of fuel consumpt ion on engine po^er. 



